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ABSTRACT 



The invention is related to water-soluble products and phar- 
maceutical formulations in solid or liquid form mainly for 
parenteral use. They consist of or comprise a therapeutically 
active substance (having low aqueous solubility and a sub- 
stantial binding afiinity to plasma proteins) and a plasma 
protein fraction in controlled aggregation state, whereby the 
said active substance and the said protein fraction are bound 
to each other by way of non-covalent bonds. It also covers 
processes for the preparation of the product and pharmaceu- 
tical formulation by dissolving the water-insoluble active 
substance in a water-miscible, pharmaceutically acceptable 
solvent, combining said solution with the aqueous solution of 
a plasma protein fraction in controlled aggregation state 
whereby a true solution is obtained containing the said active 
substance and the said protein fraction bound together by way 
of non-covalent bonds. Optionally a fiirmerpharmaceutically 
acceptable auxiliary additive- — such as a protein aggregation 
controller and/or a stabilizer — may be present. The organic 
solvent is eliminated by dialyzing, ultrafiltrating, diafiltrating 
and/or lyophilising. The solid products consisting of the 
active substance and the protein are also protected. On 
optional dissolution in water clear, liquid compositions are 
obtaihed suitable for direct parenteral orother administration. 
Method of treatment is also covered. A series of water-in- 
soluble substances is enlisted with appropriate protein frac- 
tions to be used. 

19 Claims, 14 Drawing Sheets 
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The present invention is related to a new method, products 
and formulations for delivery in therapeutic use of therapeu- 5 
tically active compounds having poor water solubility and 
substantial binding affinity to plasma proteins and processes 
for the preparations of such products and formulations. 

More particularly first obj ects of the invention are products 
and pharmaceutical formulations in solid or liquid form 10 
mainly for parenteral use consisting of or comprising 

a) a therapeutically active substance having low aqueous 
solubility and a substantial binding affinity to plasma 
proteins (in the following "active substance") and 

b) a plasma protein fraction in controlled aggregation state 15 
whereby the said active substance and the said protein 

fraction are bound to each other by way of non-covalent 
bonds and 

c) optionally further pharmaceutically acceptable and 2Q 
mainly parenterally acceptable formulation additive 
(s) — such as water, stabilizers), protein aggregation 
controller(s). 

The homogeneous solid state products of the invention 
consisting of the said protein and the said substance are 25 
water-soluble and their aqueous solutions can be used 
parenterally or can be used to prepare parenteral phar- 
maceuticals. 

It is well known in the art that some biologically active 
compounds possess potent therapeutic activity but could 30 
never demonstrate their benefit because of their poor solubil- 
ity in aqueous media. Some of them were never ever formu- 
lated while a few did not reach but the stage of the "phase I" 
clinical development. Some of them appear in "hardly bio- 
compatible" formulations of relatively high toxicity caused 35 
by the materials used for formulation. A typical example for 
this is represented by the groups of taxones specifically pacli- 
taxel which is a potent cytostatic the application of which 
however is reduced because of the toxicity of its known 
formulation in Klucel:tween 80 or Klucel and diluent 12, a 40 
1:1 mixture of Cremaphor EL:ethanol. [Cancer Chemo- 
therapy and Pharmacology (1994) 34:465-471 ; Journal of the 
National Cancer Institute (1990) 1247-1259]. Cremaphor EL 
(polyoxyethylated castor oil) has inherent toxicity, causing 
vasodilatation, lethargy, hypotension etc. Inorderto decrease 45 
the toxic side-effect of the solvent and adjuvant, a series of 
special methods were suggested: application of very small 
doses over a long period of time, pre-medication before treat- 
ment etc. (U.S. Pat. No. 5,665,761; U.S. Pat. No. 5,621,001; 
U.S. Pat. No. 5,670,537 etc.) A further suggestion consisted 50 
in combination of the active substance with a dispersing agent 
contained within a protein walled shell (U.S. Pat. No. 5,560, 
933) which is formed by reacting the protein with oil such as 
soy bean oil — such formulations being proposed for pacli- 
taxel and amphotericin. However even the latest literature 55 
comprises warnings on the course of application of e.g. pacli- 
taxel (see e.g. "Guidance for Industry" issued by the U.S. 
Department of Health and Human Service CDER September 
1997, OGD-L-8) where — because of hypersensitivity reac- 
tions—all patients treated with paclitaxel should be premedi- 6 o 
cated with corticosteroids, diphenhydramine and H 2 antago- 

It was further proposed to prepare parenteral formulations 
of certain water-insoluble dihydropyridins, by dissolving 
them in an organic solvent or in a mixture of an organic 65 
solvent with water and adding an aqueous HSP solution to 
said solution in order to minimise crystallisation of the 



insoluble active substance (Hungarian Patent N° 198381; DE 
Appl. 37 02105). The resulting liquid however was still not a 
clear solution. 

It is further known that some of the water-insoluble active 
substances possess a considerable affinity to protein or serum 
protein. Some literature is mentioned here for paclitaxel 
[Cancer Chem. and Pharm.(l 994)34: 465-471]; miconazole, 
fluconazole, amphotericin B [Infection, 23(5): 292-297 
(1995) September.]; carbamazepine [J. Chromatogr. B 
Biomed. Appl. 669(2): 281-288 (1995 July 21]; azathioprine 
[Ann. N.Y. Acad. Sci, 685 (1993): 175-192], propofol [J. 
Chromatogr. Sci (1992): 164-166]. According to new litera- 
ture [The Lancet vol. 352 (1998): 540-542] the drug Taxol® 
caused rouleaux formation of red cells and so did polyoxy- 
ethylated castor oil which served as the solvent of said drug. 
Some water-insoluble drugs were formulated using the toxic 
Cremaphor (cyclosporin, teniposide, paclitaxel, amphoteri- 
cin B). To the best of our knowledge a series of highly active 
but water-insoluble drugs was not available so far on the 
market in parenteral, intravenous actoinistration forms at all 
e.g. ritonavit, carbamazepine, camphotethine, azathiopine, 
miconazole, fluconazole etc. 

Thus there is a need to solve the problem whereby thera- 
peutically valuable water-insoluble substances can be admin- 
istered in water-soluble form, preferably parenterally to a 
patient in need to be treated with said active ingredients. 

The aim of this invention is to meet this requirement con- 
cerning practically water-insoluble active ingredients having 
a substantial binding affinity to plasma proteins. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 represents a taxonoid of the general formula I. 

FIG. 2A shows the mass spectrum of the standard. 

FIG. 2B shows the curve of the re-dissolved sample. 

FIG, 2C shows the fragmentation of amphotericin B. 

FIG. 3A shows the mass spectrum of the standard. 

FIG. 3B shows the curve of the re-dissolved sample. 

FIG. 3C shows the fragmentation of carbamazepin. 

FIG. 4A shows the mass spectrum of the standard. 

FIG. 4B shows the curve of the re-dissolved sample. 

FIG. 4C shows the fragmentation of cyclosporine A. 

FIG. 5A shows the mass spectrum of the standard. 

FIG. 5B shows the curve of the re-dissolved sample. 

FIG. 5C shows the fragmentation of the propofol. 

FIG. 6A shows the mass spectrum of the standard. 

FIG. 6B shows the curve of the re-dissolved sample. 

FIG. 6C shows the curve of the fragmentation of paclitaxel. 

FIG. 7 shows the variation of paclitaxel concentration 
(with 0.08% HSA, 10% ethanol, 0.2 mg/ml paclitaxel). 

FIG. 8 shows the variation of paclitaxel binding to HSA 
(with 0.004%-l 6% HSA, 20% ethanol, 0.2 mg/ml paclitaxel). 

FIG. 9 shows the variation of paclitaxel binding to HSA 
(with 0.8% HSA, 1 0% ethanol, 0. 1 to 2 .0 mg/ml paclitaxel) as 
a function of pH at values of pH 4.0 to 8.5. 

The present invention is based on the recognition that bind- 
ing the active substances to adequate proteins with non-co- 
valent bonds before administration presents a new and highly 
potential delivery system for the adrninistration of the active 
ingredients with poor water solubility. According to the 
invention homogeneous solid products are produced which 
are then dissolved in water whereby biocompatible, clear, 
aqueous solutions are obtained which are suitable for 
parenteral administration. Thus the invention presents a 
means to administer the desired water-insoluble active ingre- 
dients without introducing the toxic elements and in certain 
cases in a considerable more efficient dose than before. 
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Definitions used throughout this application which are 
henceforth not repeated: 

R 1 represents tert. butyl-oxy-carboxylic acid amide or ben- 
zoyl amide; 

R 2 represents hydrogen or any acyl group preferably acetyl; 5 
Low water-solubility means that the solubility in water at 

room temperature <1 . 1 0 -4 M; 
Substantial binding affinity to plasma proteins means that 

>90% of the substance is bound to the proteins in aqueous 

medium in spontaneous equilibrium at room temperature; to 
HSA human serum albumin, 
WFI water for injection. 

One object of the invention is a water-soluble human phar- 
maceutical formulation mainly for parenteral use containing 
a therapeutically active compound having low aqueous solu- 15 
bility and a substantial binding affinity to plasma proteins or 
a human plasma protein fraction in controlled aggregation 

Other objects of the invention are water-soluble veterinary 
pharmaceutical formulations mainly for parenteral use con- 20 
taining a therapeutically active compound having low aque- 
ous solubility and a substantial binding affinity to animal 
plasma proteins in controlled aggregation state. 

The human or animal plasmae which can be present in the 
products and pharmaceutical formulations according to the 25 
invention and accordingly used in the methods to prepare the 
products and compositions can be any of the naturally occur- 
ring proteins or plasma fractions such as serum albumin, an 
immunoglubulin, glycoprotein, interferon and/or interleukin 
as well as the recombinant analogues of the same. Human and 30 
animal proteins can be used. In compounds and compositions 
intended for treatment of humans the natural human serum 
and the recombinant human serum proteins are preferred. 

The practically water-insoluble active ingredients accord- 
ing to the invention comprise a wide range of compounds 35 
whereby the only limitation is that they have to show a sub- 
stantial affinity to the plasma protein which is selected to be 
used. Examples for such active ingredients include the fol- 
lowing groups of therapeutic agents: a cytostatic such as a 
taxonoide, antibiotic, vitamin, antiinflammatory, analgesic, 40 
anticonvulsant, immunosuppressant, antiepileptic, anxi- 
olytic, hypnotic, antifungal agent, anticoagulant, lipid peroxi- 
dase inhibitor, coronary vasodilator, antiarrythmic agent, car- 
diotonic, uricosuric, antithrombotic, steroid hormone 
(progestogen, androgen, testogen) and/or photo-sensitizer. 45 
Several active ingredients can be used at the same time after 
careful consideration and adaptation of the therapeutic doses 
and consideration of the binding affinities to the selected 
proteins which have to be able to meet such changed require- 
ments. 50 

According to an embodiment of the invention there are 
provided products and pharmaceutical formulations accord- 
ing to the above containing at least one of the following active 
substances: amphotericin B, an adriamicine analogue, apa- 
zone, azathioprine, bromazepam, camptothecin, carbarn- 55 
azepine, clonazepam, cyclosporine A, diazepam, dicumarol, 
digitoxine, dipyridamole, disopyramide, flunitrazepam, gem- 
fibrozil, ketochlorin, ketoconazole, miconazole, niflumic 
acid, oxazepam, phenobarbital, phenytoin, progesterone, 
propofol, ritonavir, sulfinpyrazone, suprofene, tacrolimus, 60 
tamoxifen, taxonoid, testosterone, tirilazad, trioxsalen, valp- 
roic acid and/or warfarin. 

A preferred embodiment of the invention consists in a 
product or formulation as described above containing a tax- 
onoid of the general formula I. 65 

Another preferred embodiment according to the invention 
contains or consists of paclitaxel and human serum albumin, 
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immunoglobulin, glycoprotein, interferon and/or interleukin 
or some other human plasma protein fraction. 

Further specially important representatives of the inven- 
tion are homogeneous, solid, water-soluble products consist- 
ing of at least one active substance of the group amphotericin 
B, an adriamicine analogue, apazone, azathioprine, bro- 
mazepam, camptothecin, carbamazepine, clonazepam, 
cyclosporine A, diazepam, dicumarol, digitoxine, dipy- 
ridamole, disopyramide, flunitrazepam, gemfibrozil, 
ketochlorin, ketoconazole, miconazole, niflumic acid, 
oxazepam, phenobarbital, phenytoin, progesterone, propofol, 
ritonavir, sulfinpyrazone, suprofene, tacrolimus, tamoxifen, 
taxonoid, testosterone, tirilazad, trioxsalen, valproic acid 
and/or warfarin and also consisting of at least one protein of 
the group human serum albumin, immunoglobulin, glycopro- 
tein, interferon and/or interleukin or some other natural or 
recombinant human plasma protein fraction where the said 
active substance and the said protein fraction are bound to 
each other by way of non-covalent bonds and wherein the 
molar ratio of Ihe said active substance and the said protein 
fraction is within the range of 1:0.05 to 1:100, preferably of 
1:0.1 to 1:50. 

Preferred representatives of the above are the following 
homogeneous, solid, water-soluble products consisting of the 
following pairs of active substances and proteins: taxonoide 
of the general formula I — in the formula 

R 1 represents tert. butyl-oxy-carboxylic acid amide or ben- 
zoyl amide, 

R 2 represents hydrogen or any acyl group preferably 
acetyl— 
and a plasma protein fraction; 

paclitaxel and human serum albumin, recombinant human 

plasma albumin and/or Y-globulin; 
amphotericin B and human serum albumin, recombinant 

human plasma albumin and/or y-globulin; 
camptothecin and human serum albumin, recombinant 

human plasma albumin and/or y-globulin; 
carbamazepin and human serum albumin, recombinant 

human plasma albumin and/or Y-globulin, 
cyclosporin A and human serum albumin, recombinant 

human plasma albumin and/or y-globulin; 
propofol and human serum albumin, recombinant human 

plasma albumin and/or y-globulin. 

It is clear from the above explanations that the invention 
covers the pharmaceutical formulations as above both in the 
solid state and also in the form of the aqueous solutions. 

As it is related to their natural structure— more specifically 
to their chemical composition — the protein molecules tend to 
aggregate through their specific binding sites. The degree of 
aggregation depends on the parameters (temperature, com- 
position, relative and absolute concentration of the compo- 
nents, consequently the pH, ion strength) of the solution 
where the protein is present. 

The plasma proteins used according to the invention are 
preferably in a stabilized or controlled aggregation state. The 
aim is to avoid such aggregation of the proteins which would 
inhibit optimal binding of the active ingredient actually used. 
The unwanted aggregation of the proteins can be controlled 
by the presence of other molecules capable to occupy some or 
all of the binding sites on the macromolecules involved in the 
aggregation so as to avoid multiple protein— protein associa- 
tion. Some proteins are available on the market in a controlled 
aggregation state: containing stabilisers to avoid aggregation. 
This state however is not always the optimal state for entering 
into binding with the active substance we intend to use 
according to the invention. 
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According to the invention the term "controlled aggrega- 
tion state" represents the best binding state when the protein 
is capable to bind the active substance exactly in the manner 
which is desired for the purpose aimed at. It is not necessarily 
the state when the maximum number of the active substance 5 
molecules are bound to the protein — but there are cases when 
the highest binding proportion is desirable. 

That means that in some cases we have to remove other 
excipients from e.g. a commercially available serum albumin 
fraction, such as stabilisers, ionic components, etc. This 10 
might be the necessary starting step of the process when the 
method according to the invention is carried out. The required 
conditions to establish the proper aggregation stage strictly 
depends on the actual active substance and the relevant pro- 
tein fraction. is 

Examples provided below demonstrate (e.g. paclitaxel and 
cyclosporine A) that they show a higher binding to a plasma 
protein fraction in the absence of other excipients (such as 
stabilisers, ionic components, salts etc.). However there are 
other active substances (e.g. amphotericin B and propofol) 20 
which did not show any interference with the binding of e.g. 
the protein stabilisers. 

Thus the proper aggregation state of the protein used has to 
be established for each and every pair of active substance/ 
protein which is used according to the present invention. 25 

When using the pair paclitaxel and HSA: it is important to 
eliminate all stabilisers accompanying commercially avail- 
able HSA: such as N-acetyl-D,L-tryptophane, alkali capri- 
lates which were used to stabilize the protein during pasteuri- 
sation at 60° C. Amphotericin B or propofol can be bound to 30 
HSA also in the presence of these stabilisers. In certain 
instances, when the desired aggregation state could be 
reached by water, the other components had to be removed, 
following e.g. the procedure detailed below in one of the 
Examples. 35 

The following-aspects have to be considered for optimum 
combination of specific substances with specific plasma pro- 
tein fractions according to the invention: 

a) the characteristics of the binding site occupied by the 
substance on the protein; 40 

b) possible other components present in the solution occu- 
pying the same binding site or even competing for it; 

c) the physico-chemical conditions for the conformation of 
the actual binding site and the consequence to the bind- 



ceutical formulations according to the invention. The process 
comprises the following steps: 

a) dissolving the therapeutically active compound having 
low aqueous solubility and a substantial binding affinity 
to plasma proteins ("active substance") in a water-mis- 
cible, pharmaceutically acceptable organic solvent, 

b) combining said solution with the aqueous solution of a 
plasma protein fraction in controlled aggregation state 
and optionally 

c) a further pharmaceutically acceptable auxiliary addi- 
tive—such as a protein aggregation controller and/or a 



whereby a true solution is obtained containing the said 
active substance and the said protein fraction bound 
together by way of non-covalent bonds; 

d) removing the organic solvent preferably by ultrafilter- 
ing, dialysing, diafiltrating and/or lyophilising the solu- 
tion or its concentrate or by combination of these treat- 
whereby a homogeneous, water-soluble liquid or solid 

product or pharmaceutical formulation is obtained con- 
taining the active substance and the plasma protein frac- 
tion; 

e) optionally dissolving or diluting the solid or liquid with 
water whereby a clear, liquid composition is obtained 
which is suitable for therapeutical ad"ministration and 



ing; 



45 



d) known therapeutic aspects e.g. 

i) paclitaxel on HSA having 

ii) paclitaxel on interleukines with proven therapeutic 
activity of the carrier; 

iii) cyclosporin A on gamma immunoglobulin with proven 50 
therapeutic activity of the carrier, 

iv) ritonavir on gamma immunoglobulin with proven thera- 
peutic activity of the carrier; 

stability of the formulation. 

One of the simplest aggregation controlling agent is water. 55 
Using the proper amount of water unwanted aj 
be inhibited and the protein is ready tt 
the invention — it is in "controlled aggregation form". 

According to an embodiment of the invention the com- 
pounds and compositions may contain as additive a protein < 
aggregation controller or stabilizer and/or solution stabilizing 
auxiliary additive. Examples for such additives are the fol- 
lowing: water, sodium chloride, a buffer, a poly-alcohol such 
as glycerol, a water-soluble sugar derivative preferably man- 
nitol, sorbitol and/or dulcitol and others. < 

A further object of the present invention includes the pro- 
cess for the preparation of the new products and the pharma- 



f) optionally finishing this product into a 
lation (dosage form) for direct use. 

When preparing the new homogenous solid products con- 
sisting of the active substances and the proteins bound by way 
of non-covalent bonds according to the invention it is prefer- 
able to use the process comprising the following steps accord- 
ing to the invention: 

a) dissolving the therapeutically active compound in a 
water-miscible, pharmaceutically acceptable organic 
solvent, 

b) combining said solution with the aqueous solution of the 
selected plasma protein fraction in controlled aggrega- 
tion state 

whereby a true solution is obtained containing the said 
active substance and the said protein fraction bound 
together by way of non-covalent bonds; 

c) removing the organic solvent and lyophilising the solu- 
tionorits concentrate. 

The proper way to best eliminate the organic solvent 
dependson the active substance and on the protein involved. It 
follows from the nature of the active product (the pair includ- 
ing the active substance and the protein) that the methods 
applied have to ensure mild conditions. Lyophilisation leads 
to homogeneous, solid state water-soluble products which on 
redissolution in water can be administered intraperitonially. It 
might be advantageous to combine the above steps e.g. to 
make the process more economical by first preparing a con- 
centrate of the active substance/protein pair and thereafter 
subjecting said concentrate to lyophilisation. Some of the 
active substance/protein pairs (e.g. the pair amphothericin 
B/serum albumin) can be successfully concentrated by way of 
ultrafiltration or dialysis. Some other pairs (e.g. paclitaxel/ 
HSA) are preferably treated by way of lyophylisation. Some 
pairs shouldfirst be ultraffltrated and the concentrate obtained 
should then be subjected to lyophilisation. 

It is clear for the expert in the field that on the course of 
preparation of parenteral pharmaceuticals dilution with water 
includes dilution with such aqueous solutions which contain 
further parenterally acceptable additives such as e.g. sodium 
chloride. 
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The proper solvent to be used according to the invention to A further object of the invention comprises the method of 
dissolve the active ingredient according to step a) above use of the products and formulations according to the inven- 
should have the.following properties: tion for treatment of human or veterinary patients. The 
it should be capable to completely dissolve the active method consists in administering to a patient in need of a 
ingredient in its mixture with water and 5 treatment with the active ingredient an effective dose of the 
its mixture with >50% of water should not denaturalize the composition according to or prepared according to the inven- 
protein employed. tion. The doses that have to be applied depend on the active 
Before starting to carry out the process according to the ingredient as well as on the protein used. Doses can be admin- 
invention using the active ingredient and the protein selected istered t0 ensure at least 46 same blood levels which m 
the adequate solvent has to be determined on the basis of the 10 t0 be effective when the specific known active sub- 
above. It is suitableto use solvents where mixtures containing stances »» used via other administration routes. 
>50% of water are still capable to dissolve the active ingre- IS provided a preferred method of parenteral treat- 
ment ment of human or veterinary patients with a water-insoluble 
Preferred solvents which can be used for step a) of the &erapeutically active substance having substantial affinity 
above process are for example any of the group consisting of 15 &r bmdm 8 to P lasma P"* 4 ™ b / W of parenterally admm- 
an aliphatic monoalcohol or polyalcohol, 70-100% 15tenn S t0 a ^ ieat m J need ° fa ^ tment wltb 581(1 ac f e 
ethanol, dimethyl formamide, methylformamide. substance an effective dose of the following products prefer- 
When preparing the solution containing the protein an abl y usi *? me f ° U ° win 8 dose ranges rapec ^yely (calc ulated 
aggregation controller and/or solution stabilizer might be on a «bstence):paclitaxe^lbumin 70-280mg/trea - 
present-Suchadditivesincludeafurmeroroptimalamountof 20 ^ a ^^2^i W X^^ C S^^ 
water. They also include agents capable to partially occupy b unm gernfibroziyalbumm cyclosporin A/alburnm 3-5 
someofthlbmdmgsitesofmeprotemtoavoidaggregation m^G/day; amphomencm B/alburmn up to 1 .5 mg^G/d^y, 
suchasanyofmefollowingagJsisodiumcWoridTablaffer, whereby me same dose ranges are used for compounds con- 
a poly-alcohol such as glycerol and/or a water-soluble sugar me «°n*"™* P^ms respectrvelj. 
derivative preferably mannitol, sorbitol, dulcitol. 25 . ™ e ^pounds, compositions and methods of the inven- 
nn. i L i j. . - . r tion present advantages mcluding the following: 
When selectmg the optimal conditions m the case of any * ,f , . " . , ~ ,, . 
active ingredient the optimal binding affinities and cone- itl^^i^toavoidlte^^to^m^- 
sponding aggregation properties have to be determined by ?* tM ° veb i cl f > to , dm r sh or < otallv avo,d t ^ 
preliminary measurements In the examples below we dis- „ m f Slde eS f s > rel f 6x1 to such com P™ ^ toxlc 
close the full method of such determinations. 30 J° lvent !' surface-active agents, emulsifiers and tile like 
Accordkgtoapreferredembodimentoftheinventionthe ™ '« f ? "flTZ^^^fZ 
compoundsusedinstep^arepaclitaxelandacomponentof 5611,5 n ° add,tlODal tOMC effect5 - to «" c0 ^ ^ 



lin, glycoprotein, interferon and/or in^ns^m v , ... . .. , , , . . 

r^tfofttesa^areused.Furtherembodimente accordingto 35 m deseed ca^es the apphed dose can ^be increased as 

the invention include to use as the active substance a water- P 3 ^. 1 ** 6 ™ w nM *f ted f P rese T* thus a 

insoluble cytostatic such as a taxonoide, antibiotic, vitamin, P°sstbihty to improve the overall outcome of therapy, 

antniiflainmatory, analgesic, anticonvulsant, immunosupres- The present mvention is dlustrated ma more detailedman- 

sant, antiepileptic, anxiolytic, hypnotic, antifungal agent, „ ner in the following examples wtthout the intention of lum- 

anticoagulant, lipid peroxidase inhibitor, coronary vasodila- tation. 

tor, antiarrythmic agent, cardiotonic, uricosuric, antithrom- pyampt f«j 

botic, steroid hormone (progestogen, androgen, testogen) fcXAMPLbb 

and/or photosensitizes Preferred active substances that can T _ 

beusedformeprocessaccordmgtotheinventionincludethe 45 I. Preparative Methods, Assays 
following: amphotericin B, an adriamicine analogue, apa- 

zone, azathioprine, bromazepam, camptothecin, carbarn- Tnefollowmgmeffiodswereappliedtodeterminethebind- 

azepine, clonazepam, cyclosporine A, diazepam, dicumarol, of a particular active ingredient (substance) to a protein: 

digitoxine, dipyridamole, disopyramide, flunitrazepam, gem- a ) Ultrafiltration 

fibrozil, ketochlorin, ketoconazole, miconazole, niflumic 50 A 1 ml sample of the clear solution formed by admixture of 

acid, oxazepam, phenobarbital, phenytoin, progesterone, the aqueous solution containing the protein in controlled 

propofol, ritonavir, sulfinpyrazone, suprofene, tacrolimus, aggregation state and the solution of the active ingredient in 

tamoxifen, taxonoid, testosterone, tirilazad, trioxsalen, valp- an appropriate solvent is filtered through an ultrafiltration 

roic acid and/or warfarin. membrane (cut off limit >30000 Da) and the active ingredien 



preparation of a homogeneous, solid, water-soluble product active ingredient ci 

consisting of paclitaxel and human serum albumin where the total amount (>90%) is recovered in unchanged form, 

active ingredient and the plasma protein fraction can be in a b) Lyophilisation 

non-covalent binding. A further preferred embodiment of the 1 ml of the above solution is lyophilised. After lyiophiliza- 

invention consists in the preparation of a homogeneous, solid, 60 tion the solid residue is dissolved in about 1 .00 ml of distilled 

water-soluble product consisting of a taxonoide of the general water, giving a clear solution. Measuring the active ingredient 

formula I and a plasma protein fraction where the active concentration of this solution no active ingredient is found in 

ingredient and the plasma protein fraction are in a non-cova- the water phase but 100% is recoverable from the protein 

lent binding. fraction. 

It is clear from the above explanations that the present 65 c) Analysis of the Active Ingredient 

invention is not limited to any of the active substances nor to The assays for the determination of the active ingredient 

any of the proteins enlisted above. are done by HPLC with detection by UV spectroscopy. 
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The HPLC analysis can be carried out e.g. on a Waters 
Millennium (Waters, Mass., USA) HPLC system. Its compo- 
nents are: Waters 616 pump; Waters 600S controller; Waters 
717 plus automatic sample injector, with thermostat set to +5° 
C; Waters 996 diode array UY7VIS detector. The system is 5 
driven and the data acquisition done by Waters Millennium 
v.2.02.0 run on a Digital P486/166 (Digital Equipments, 
Irvin, UK) personal computer. The conditions have to be 
optimised individually for each compound, as exemplified 
below for several products. 10 

d) Proof of the Chemical Structure 

The LC/MS method is used to prove that the chemical 
structure of the substance recovered from the bound fraction 
remained unchanged. The LC/MS assays are performed on a 
Finnigan Navigator (Finnigan, Manchester, UK) single quan- 1 5 
drupole LC/MS mass spectrometer using the ES or APC1+ 
ionisation mode, with a MassLab v.2.0 data acquisition sys- 
tem run on a Digital Venturis FX/166 (Digital Equipments, 
Irvin, UK) personal computer. The applied conditions have to 
be optimised individually for each specific substance, based 20 
on the references — as exemplified in several of the following 
examples. 

e) Preparation of Samples 

The following is a typical sample preparation method, used 
to determine the total concentration/amount of a substance 
from a sample by HPLC and/or LC/MS analysis. 

The solid content of lyophilisation vial is reconstituted 
with water, the solution is mixed with absolute ethanol in a 
ratio of 1:1 by volume, precipitating the plasma proteins, M 
while the substances dissolved. After a quick centrifugation, 
the solution is suitable for HPLC or LC/MS analysis. In 
LC/MS it is analysed by direct sample introduction or 
through HPLC by way of separating the components from 
one another. Both methods give valuable information about J5 
the chemical structure of the parent compound and/or the 
possible degradation products, as exemplified in more 
detailed manner for several products below. 

The chromatographic and mass spectroscopic data from 
the HPLC and LC/MS studies can confirm the chemical ^ 
equivalence between the known biologically active substance 
used as the starting material and the compound recovered 
after having been bound to a protein fraction according to the 



10 

Example II. 1 



f) Materials Used 
All active substances used were i 
The following plasma protein 
experiments: (*=Ph. Eur. quality) 



XXHI quality, 
were used in the 



20% sol.* HUMAN Rt., Godolia,, Hungary 

DELTA Biot Ltd, Nottingham, UK 
: Ph., Dreieich, Germany 



The 20% (3.08xl0" 3 M) solution of human serum albumin 
in controlled aggregation state and the 1 mg/ml (1.17xl0" 3 
M) solution of paclitaxel in absolute ethanol were admixed in 
4:1 ratio and stirred so as to obtain a clear solution. 

The solution is lyophilised; the solid residue is redissolved 
in sufficient water to ensure a clear solution having the con- 
centration of 20% for human serum albumin. The binding is 
determined from UF filtrate and retentate fractions, showing 
99% binding of paclitaxel to human serum albumin. This 
represents a 1:0.1 ratio of human serum albumimpaclitaxel. 

Example II.2 



The 4.44% (6.67*10" 4 M) solution of human se 
min in controlled aggregation state and the 2.0 mg/ml 
(234*10 -3 M) solution of paclitaxel (mw 853.92) in absolute 
ethanol are mixed in a 9:1 ratio and stirred until a clear 
solution is obtained. The solution is further treated as 
described in Example II. 1. 

The binding is determined from UF filtrate and retentate 
fractions, showing 99% binding of paclitaxel to human serum 
albumin. This represents a 1 :0.39 ratio of human serum albu- 
min:paclitaxel. 



Little Rock, AR, USA 

Centeon Ph. GmbH, Wien, Austria 



The 4.44% (6.67* 10" 4 M) solution of recombinant human 
) serum albumin in controlled aggregation state and the 2.0 
mg/ml (1 .40*1 0" 3 M) solution of paclitaxel in absolute etha- 
nol are mixed in 9:1 ratio and stirred obtaining a clear solu- 
tion. 

The solution was lyophilised; the solid residue was redis- 
5 solved in sufficient water to ensure a clear solution having the 
concentration of 20% for recombinant human serum albumin. 
The binding is determined from UF filtrate and retentate 
fractions, showing 99% binding of paclitaxel to recombinant 
human serum albumin. This represents a 1:0.24 ratio of 
) recombinant human serum albumin:paclitaxel. 

Example II .4 

A 2.25% (1 .S'lO" 4 M) solution of human gamma globulin 
5 in controlled aggregation state and a 0.1 mg/ml (1.171*10~ 4 
M) solution of paclitaxel in absolute ethanol are admixed in a 
9:1 ratio and stirred until a clear solution is obtained. 

The solution is lyophilised; the solid residue is redissolved 
in enough water to ensure a concentration of 1 6% for human 
j gamma globulin, obtaining a clear solution. 

The binding is determined from UF filtrate and retentate 
fractions, showing 98% binding of paclitaxel to human 
gamma globulin. This represents a 1:0.71 ratio of human 
gamma globulimpaclitaxel. 
5 In the above Examples II. 1 through II.3 the quantity of 
paclitaxel was measured by HPLC following the method: 



II. Preparation and Chemical or Physical Assays t 

In the following examples the plasma proteimsubstrate 
binding ratios are in the average range falling between 1:0.1- 
100. The substance:HSA binding ratios were calculated 
based on the assumption for HSA mw=66500, and human 6 
gamma globulin mw=l 50000 [see 11 Science, VOL. 244. 
P.1195-1198,1989; Vox Sang, 70: p.203-209, 1996] 



MNNucleosil C IS 5 um 250 
acetonitrilerwater - 73:27 
0.30mlAnin 



The substance was determined and found unchanged by 
LC/MS [see Rapid Communications in Mass Spectrometry 
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VOL.11: p 1025-1032, 1997. and Rapid Communications in 20% ethanol, 0.2 mg/ml paclitaxel) is shwon on FIG. 8. 

Mass Spectrometry, VOL. 9, p.495-502, 1995.]. The com- variation of paclitaxel binding to HSA (with 0.8% HSA, 10% 

parative results are shown in FIG. 6: FIG. 6A shows the mass ethanol, 0. 1 to 2.0 mg/ml paclitaxel) as a function of pH at 

spectrum of the standard, FIG. 6B shows the curve of the values of pH 4.0 to 8.5 is shown on FIG. 9. The signs on the 

re-dissolved sample. FIG. 6C shows the fragmentation of 5 graph correspond to the following examples: 

paclitaxel. Example 11.18 

LC/MS parameters: ionisation: APCI+interface; nitrogen Example 11.19 -o-o- 

gas flow rate: 300 1/h; solvent: acetonitrile: buffer=6O:40, Example 11.20 -x-x- 

where the buffer is 10 mM ammonium formate pH 5.0 Example II 15-0-0- 

adjusted with 10% formic acid; flow rate: 0.300 ml/min. 10 g xam j e jj 2 j 
Assay for the Determination of Paclitaxel: 
A C-18 reverse phase HPLC method was applied for the 
quantitative determination of paclitaxel from different solu- 
tions of Examples II. 1 through II. 27. The samples were 

mjectedmtotr^OTLCsystem^50%ethanolsolution,p re - 15 Sirrmar methods as above m Examples I L2toII.21 areused 

venting any precipitation of the substance. w !' h amma ' serum albumm nnmunoglobulm, glycopro- 

Binding trades, mterferons and mterleukmes. 
The binding of the substance to plasma proteins is deter- 

mined after 15 minutes equilibration at 8±2 C°. bxample 11.23 

The distribution of the substance is measurable after ultra- 20 .„.,,, t 

filtration through an appropriate membrane (cut-off must Treatment of commercially available human serum albu- 

" •">" or recombinant human serum albumin (in the following 



bothan the Mw=of the protem), determining the substance . . ,. M , 

concentration in the ultrafiltrate fraction (representing the albumm ) t0 achu ? e . me controlled aggregation state with the 

unbound) and in the prefiltered solution, releasing the bound best binding conditions of the molecule include removal of 

partuponder^turationoftheprotein^resentingthetotal). 25 stabilisers such as sodium caprylate N-acetyl-D,L-tryp- 

To denature the protein and release the bound fraction pre- to P^ ^ other mmc components and salts, 

cooled (8±2° C.) absolute ethanol is used in 1:1 ratio. The a ) Ultrafiltration Method 

exact concentration values and amounts are calculated in Adjust the pH of the solution containing 10% albumin to 

consideration of the dilution factor. 3 .0 with hydrochloric acid and dilute to 5% protein content 

30 with bi-distilled water. Concentrate the solution to 10% for 

Examples II.5 to 11.21 protein content using ultrafiltration (membrane cut off limit 
30000 kD). 

The solution of human serum albumin in the concentration Dilute the solution back to 5% protein content with 1 .0 mM 

range of 20% (3.08xl0" 3 M) to 0.02% (3.08x10"* M) is hydrochloric acid. Concentrate the solution to 10% protein 

combined with the solution of paclitaxel in absolute ethanol 35 content using ultrafiltration (membrane cut off limit 30000 

in the concentration range from 20 mg/ml (2.34xl0~ 2 M) to kD). 

0.01 mg/ml (1 .1 7xl0" 3 M) obtaining always clear solutions. Repeat the procedure 12x, then adjust the pH to 6.9 with a 

Details are presented in Table I. All measurements are per- 2.0 M aqueous sodium hydroxide solution and dilute the 

formed three times and the calculated results are averaged. solution to 5% concentration for protein content with bi- 

40 distilled water. Concentrate the solution to 10% for protein 

TABLE I content using ultrafiltration (membrane cut off limit 30000 
kD) again. 

Example [T] r mM) (mM) n(T B )/n (HSA) n(T a )/ n ny x ioo% Dilute the solution back to 5% for protein content with 

bi -di still ed water. Concentrate the solution to 1 0% for protein 

IL5 0.2342 2.410 0.093 97.4 45 content usmg ultrafiltration (membrane cut off limit 30000 

Sum uo 0J46 9i o Re P eat *»» procedure lOx, obtaining a pure protein 

0.648 85.2 fraction, sufficiently free from other excipients. By that time, 

1.545 81.2 the conductivity of the ultrafiltrate is close to that of the 
bi-distilled water used for dilution. This protein is adequate 

3 for use to bind e.g. paclitaxel or cyclosporin. 



3.125 
5.662 

0.2342 



0.2342 0.00602 5.823 15.3 b.) 



0M42 000121 14 367 Instead of ultrafiltration the use of dialysis gives similar 

results. The treatment requires about 48 hours. 

n.18 2.3421 0.121 8.401 44.2 55 Example 11.24 

11.19 1.1711 0.121 4.585 48.2 r 

11.20 0.4648 0.121 2.864 75.3 

n.21 0.1171 0.121 0.765 80.4 The 0.8% (1 .lOWCr 4 M) solution of HSA and the 4.0 

mg/ml (4.33*10~ 3 M) solution of amphotericin B 

60 (mw=924.09) in DMF were mixed in a 9:1 ratio and stirred 
obtaining a clear solution. 

Hie solution was lyophilised; the solid residue was redis- 
solved using enough water to ensure that the concentration 
was 20% for HSA, obtaining a clear solution. The binding 
Variation of paclitaxel concentration (with 0.08% HSA, 65 was determined from UF filtrate and retentate fractions, 
10%.ethanol, 0.002 mg/ml paclitaxel) is shwon on FIG. 7; showing 99.7% binding of amphotericin B to HSA. This 
variation of albumin concentration (with 0.004-16.0% HSA, represents a 1 :4 ratio for HSA:amphotericin B. 
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imple 11.25 



The 0.8% (1.203*l(r*M) solution of recombinant human 
serum albumin and the 40.0 mg/ml (4.33* 1 0" 2 M) solution of 
amphotericin B in DMF+HC1 are mixed in a 9:1 ratio and 5 . 
stirred obtaining a clear solution. 

The solution is lyophilised; the solid residue is redissolved ^ substance was determined and found unchanged by 
in sufficient water to make the final concentration 20% for LC/MS [Cancer Research, VOL.56: p.3689-3694, 1 996.] 
recombinant HSA, obtaining a clear solution. The binding is 

determined from the UF filtrate and retentate fractions, show- 10 Example 11.29 

ing 99.5% binding of amphotericinB to HSA. This represents 

a 1:40 ratio for recombinant HSA amphotericin B. The 4 ; 0% (6.015*10"* M) solution of HSA in controlled 



Amphotericin B is measured by HPLC following tie aggregation state and the 8.0 mg/ml (3.39*10" 2 M) solution 
method below: " of carbamazepin (mw 236.27) in abs. ethanol were admixed 

15 in 1 9:1 ratio and stirred obtaining a clear solution. The solu- 
tion was lyophilised; the solid residue was redissolved in a 

sufficient amount of water to make the final concentration 

mn Nucleoli c l8 5 pm 250 y 2 mm 20% for HSA, obtaining a clear solution. The binding was 

determined from UF filtrate and retentate fractions, showing 
3 98% binding of carbamazepin to HSA. This represents a 1 :2.8 
ratio of HSA: carbamazepine. 

d by HPLC following the 



cetonitrile:buffer - 
(buffer: 0.2% formic acid pH ad 
with trietirylamine) 



The substance is determined and found unchanged using 

LC/MS. The comparative results are shown in FIG. 2: FIG. ^ H^MteSfei IT ^ 

2 A shows the mass spectrum of the standard, FIG. 2B shows m e p (buffer: 0.2% l J"_ ' 

the curve of the re-dissolved sample. FIG. 2C shows the 7.0 with triethylamine) 

fragmentation of amphotericinB. 30 flow rate 0.25 ml/min 

LC/MS parameters: ionisation: ESI+interface; d^S™ TmL 

nitrogen gas flow rate: 300 1/h; solvent: 20 mM ammonium typical retention time 5Jmin k'-i.i2 

formate pH 4.0 adjusted with 10% formic acid; flew 

rate: 0.300 ml/min. ^ J ........ 

The substance was determined and found unchanged by 
Example 11.26 LC/MS [Eur. J. Clin. Chem Clin. Biochem, VOL. 35(10): 

p.755-759, 1 997] . The comparative results are shown in FIG. 
The 0.4% (6.015*1(T 5 M) solution of HSA in controlled 3 = FIG - 3A shows the mass spectrum of the standard^ FIG. 3B 
aggregation state and the 0.14 mg/ml (4.02*10-* M) solution shows ** *™ ° f me "^solved sample. FIG. 3C shows 
ofcamptothecin(mw=348.36)in abs. ethanol were admixed 40 ^e fragmentation of carbamazepin. 
ina4:l ratio and stirred to obtain a clear solution. The solu- LC/MS Parameters: ionisation: ESI+interface; nitrogen 
tion was lyophilised; the solid residue was redissolved in & s flow mte: 300 solvent: 2 mM ammonium formate; 
enough water to ensure that the final concentration was 20% flow rate: °- 250 
for HSA, thereby obtaining a clear solution. The binding was 

determined from the UF filtrate and retentate fractions, show- 45 Example 11.30 

ing 98% binding of camptothecin to HSA. This represents a 

1:5.34 ratio of HSA: camptothecin. ' The 4.0% (6.015*10-* M) solution of HSA in controlled 

aggregation state and the 1 .0 mg/ml (8.33*10-" M) solution 
Example 11.27 of cyclosporine A (mw 1202.63) in absolute ethanol were 

50 mixed in 9: 1 ratio and stirred obtaining a clear solution. 
TheO.4% (6.015*10- 5 M) solution ofrecombinant HSA in The solution was lyophilised; the solid residue was redis- 
controlled aggregation state and the 0.14 mg/ml (4.02*10" 4 solved in a sufficient amount of water to make the final con- 
M)solutionofcamptothednmabs.emanolweremixedin4:l centration 20% for HSA, obtaining a clear solution. The 
ratio and stirred obtaining a clear solution. binding was determined from UF filtrate and retentate frac- 

The solution was lyophilised; the solid residue was redis- 55 uons » showing 97% binding of cyclosporine A to HSA. This 
solved in that much water as the final concentration was 20% represents a 1 :0.1 4 ratio for HSA:cyclosporine A. 
for recombinant HSA, obtaining a clear solution. The binding 

was determined from UF filtrate and retentate fractions, Example 11.31 

showing 98% binding of camptothecin to HSA. This repre- 
sents a 1 :5.34 ratio of recombinant HSA: camtothecin. 60 The2.0%(3.008*10" 4 M)solutionofrecombinantHSAin 

controlled aggregation state and the l.Omg/ml (8.33*10 -4 M) 
solution of cyclosporine A in absolute ethanol were mixed in 

■ — ; 9: 1 ratio and stirred obtairung a clear solution. 

The solution was lyophilised; the solid residue was redis- 
65 solved in a sufficient amount of water to make the final con- 
centration 20% for recombinant HSA, obtaining a clear solu- 
tion. The binding was determined from UF filtrate and 
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e fractions, showing 98% binding of cyclosporin A 
to recombinant HSA. This represents a 1 :0.29 ratio for recom- 
binant HSA: cyclosporine A. 

Example 11.32 5 

The 2.25% (1.50* 10" 4 M) solution of human gamma 
globulin and the 1.0 mg/ml (8.33*10~ 4 M) solution of 
cyclosporine A in absolute ethanol were mixed in a 9: 1 ratio 1Q 
and stirred obtaining a clear solution. 

The solution is lyophilised; the solid residue is redissolved 
in enough water to give a concentration of 16.% for human 
gamma globulin, thereby obtaining a clear solution. The bind- 
ing is determined from the UF filtrate and retentate fractions, 1 5 
showing 98% binding of cyclosporine A to human gamma 
globulin. This represents a 1:0.56 ratio for human gamma 
globulin: cyclosporine A. 



Propofol was measured by HPLC as follows: 



The substance was determined and found unchanged by 
LC/MS [J. of Chromatography B, 669: p. 358-365, 1995]. 
The comparative results are shown in FIG. 5: FIG. 5A shows 
the mass spectrum of the standard, FIG. 5B shows the curve 
of the re-dissolved sample. FIG. 5C shows the fragmentation 
of propofol. 

LC/MS Pi 




is lyophilised; the solid residue was redis- 



30 

The substance was determined and found unchanged by 
LC/MS [1], as the results show. The comparative results are 
shown in FIG. 4: FIG. 4A shows the mass spectrum of the 
standard, FIG. 4B shows the curve of the re-dissolved sample. 35 
FIG. 4C shows the fragmentation of cyclosporine A. 

LC/MS parameters: ionisation: ESI+interface, nitrogen 
gas flow rate: 300 1/h; solvent: acetonitrile/water=60/40; sol- 
vent flow rate: 0.350 ml/min. 

Example 11.33 

The 0.4% (6.01 5* 10" 5 M) solution of HSA and the 2.0 
mg/ml (1.12*10" 2 M) solution of propofol (mwl78.27) in 
absolute ethanol were mixed in 9: 1 ratio and stirred obtaining 45 
a clear solution. 

The solution w 
solved in a 

centration 20% for HSA, obtaining a clear solution. The s 
binding was determined from UF filtrate and retentate frac- 
tions, showing 99% binding of propofol to HSA. This repre- 
sents a 1:18.3 ratio of HSA:propofol. 

Example 11.34 5 

The 0.4% (6.015*1 0 -5 M) solution of recombinant HSA 
and the 2.0 mg/ml (1.12*10" 2 M) solution of propofol in 
absolute ethanol were mixed in 9:1 ratio and stirred obtaining 
a clear solution. 6 

The solution is lyophilised; the solid residue was redis- 
solved in a sufficient amount of water to make the final con- 
centration 20% for recombinant HSA, obtaining a clear solu- 
tion. The binding was determined from UF filtrate and 
retentate fractions, showing 99% binding of propofol to 6 
recombinant HSA. This represents a 1 :1 8.3 ratio of recombi- 
nant HSA:propofol. 



Example 11.35 

9.0 ml of a 0.8% (l^lS'lO" 4 M) solution of HSA and 1.0 
ml of a 4.0 mg/ml (4.33*10" 3 M) solution of amphotericin B 
5 in dimethyl formamide were mixed to give a clear solution. 
This solution was dialyzed against 2.0 liter of water (WFI) at 
4° C. for period of 20 hours protected from light. 

Using the deterrninationmethod of Example 11.24 the bind- 
ing was found to be 99.6% representing a 1 :3.5 ratio for HSA: 



On repeating the dialysis procedure five times the concen- 
tration of DMF in the solution was reduced below its detec- 
tion limit (2*10~ 9 M) 



Examples m.l to I1I.6 

Following the procedure for the preparation with lyophili- 
sation as described above an appropriate pharmaceutical for- 
mulation is obtained. Re-dissolving the solid in adequate 
volume of WFI so as to reach the concentration of 20% for 
HSA the solution arrives to a concentration suitable for thera- 
l below for some active sub- 



The above dosage forms can be further finished in vials for 
injectables and infusions. 

IV. Biological Examples 

) 

Studies on Biological Equivalence 
Biological equivalence was determined comparing the new 
formulations according to the invention with known formu- 
lations used in therapy containing the same active substance 
> with poor water solubility. Such known formulations were 
prepared in polyoxyethylated castor oil (Cremophor EL) and 
absolute ethanol. 
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Paclitaxel dissolved in a mixture of polyoxyethylated cas- 
tor oil (Cremophor EL): absolute ethanol=l : 1 , was compared 
with, the aqueous solution of paclitaxel/HSA of the invention, 
prepared according to Example II.2. 5 

Example IV.l 

In Vitro Studies 

10 

Comparative studies were carried out in vitro to determine 
the antiproliferative and cytotoxic activity on human tumour 
cell lines. The Cremophor EL/absolute ethanol and HSA 
formulation of paclitaxel was compared on K562 human 
myeloid leukaemia, MCF-7 and MDA-231 breast and 15 . 
OVCAR-5 ovarian carcinoma cell lines [Anticancer 
Research, Vol. 16: p.2469-2478, 1996.] 

Method: 

Colony growth inhibition assay: Monolayer cultures of the 
cell lines were treated with eight different concentrations of 2Q 
the drug in the two above formulations plus in DMSO/saline 
solution as a reference. The cultures were incubated for 24, 
48, 72, 96 and 120 hours respectively. The colonies were 
stained with crystal violet and the survival of treated cells was 
calculated as percentage of colonies formed by untreated 
cells. Tables II A through IV B show the results obtained on 25 
the different cell lines. In each study the survival of treated 
cells is shown, calculated as percentage of colonies formed by 
untreated cells. All values are the average of three experi- 
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TABLE III A-continued 



72h 96h 



Ptxcc[uM]\t[h] 24 h 



45 Pbt cc[uM]\time [h] 



Ptxcc[uM]\time[h] 


24 h 


48 h 


72 h 


96 h 


120 h 


0.005 


91 


84 


75 


41 


27 


0.01 


gg 


81 








0.02 


g4 






31 


20 


0.025 


80 


70 


59 






0.05 








25 




0.1 


75 


59 


46 


20 




1.0 


67 


42 


30 


17 


6.2 




58 


31 


21 


9.0 


3.0 



In Vivo Pharmacokinetic Test 



gel/Cremophor EL & absolute ethanol 



96 h 120 h 



3 From the therapeutic point of view, the bio-equivalence can 
be considered, demonstrating equal pharmacokinetic charac- 
teristics such as AUC (area under the curve), elimination 
constants, plasma half life after the administration of the same 

$ dose to the same species. Such experiment was done on rats 
for the two formulations as in Example TV. 1 . [Semin Oncol, 
VOL. 21 (5 Suppl. 8): p.53-62, 1994.]. 
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AUC means the area under the c 
tration versus time diagram. It cai 

the plasma concentration of the compound administered at 
different points of time. 

Pharmacokinetic Study on Rats: 

Method: The dose of 2.5 mg/kG paclitaxel was adminis- 
tered in 1 .0 ml volume i.v. bolus to CR. (Wi) BR rats (body 
weight between 380 and 420 grams), and a 1.0 ml blood 
sample was drawn into a heparinised test tube from three 
animals at each point of time as indicated below: 



The plasma fraction was separated by quick centrifugation 
at +5° C. and kept frozen at -70° C. until processed for 
analytical measurement. 

Sample preparation: The frozen plasma samples were 
warmed up to +8° C, centrifuged for 5 min at 5000 RPM. 
0.300-0. 500 ml of the clear plasma solution was taken out and 
loaded onto an Oasis HLB 1 cc SPE (Solid Phase) Extraction 
cartridge. Before the plasma sample was loaded die cartridge 
was rinsed with 1 ml of methanol, followed by 1 ml water for 
pre-conditioning. The paclitaxel content absorbed onto the 
SPE cartridge, while the rest of the sample components were 
rinsed out with 1 ml of water and 1 ml of 30% acetonitrile/ 
water solution. The cartridge was blown dry by air. Paclitaxel 
was eluted from the SPE cartridge with 1 ml absolute ethanol. 
The sample was evaporated to dryness with nitrogen, stored at 
(-20° C.) for analysis. The residue was dissolved in 0.200 ml 
absolute ethanol and injected for HPLC analysis. 

The HPLC conditions were the same as applied for sub- 
stance identification. 

Results: 

The points obtained were the average of three measured 
from the samples of three individual animals. As a result, the 
difference between the two curves obtained from the phar- 
macokinetic study for the equal dose of the two different 
formulations, remained within the deviation of the individual 
samples. The same curve takes shape plotting all the indi- 
vidual data, indicating no or minor difference in pharmaco- 
kinetic characteristics of the two formulations. 

Example IV.3 

In vivo evaluation of antiproliferative and cytotoxic activ- 
ity investigations show that the new formulations shows a 
positive effect against human tumour xenografts CHI and 
CHl^ in nude mice. 

Example IV.4 
Hypersensitivity Tests 

About 45% of the patients treated with paclitaxel expressed 
hypersensitivity reactions. These side eifects were proven 



same component. This hypersensitivity reaction is deter- 
mined as anaphylactic toxicity expressed through induction 
of histamine release by Cremophor EL. 

Our study was performed on CRL (WI) BR male rats 
weighing 130-150 g [14]. The administered dose was calcu- 
lated around 7.0 mg/kG for paclitaxel, given i.v. in 1 .0 ml of 
total volume. A group for each time point and dose contained 
5 animals. The blood samples were collected into heparin 
containing tubes after 2, 5 and 10 minutes of treatment. The 
plasma was separated by quick centrifugation. The samples 
were stored at -70° C. The histamine content of the sample 
was C 14 -methylated by specific histamine-N-methyl-trans- 
15 ferase enzyme. The histamine level was determined in the 
plasma samples measuring the C 14 radioactivity in the 
samples. 

The data obtained indicated that Cremophor EL and the 
containing formulation have substantial histamine release 
20 induction, while HSA an the HSA containing formulation and 
paclitaxel itself do not show any such effect. 

Example IV. 5 



25 The same phenomenon as in Example IV.4 was found 
using in vitro human experiments from human blood-samples 
based on the quantitative assay of chromatin activation of 
blood lymphocytes [Method: Analytical and Quantitative 
Cytology and Histology, VOL. 8: p.l, 1986.]. 

30 The invention claimed is: 

1. A pharmaceutical composition comprising: 
a) a therapeutically-active compound having 

i) an aqueous solubility of less than about 1x10""* molar; 

35 31115 

ii) a substantia] binding affinity to plasma proteins where 
greater than about 90% of the therapeutically-active 
compound is protein bound in spontaneous equilib- 
rium at room temperature; and 

4Q b) a plasma protein in controlled aggregation state; 
where greater than about 98% of the therapeutically-active 
compound is non-covalently bound to the plasma protein. 

2. The pharmaceutical composition of claim 1 where the 
composition is in solid form. 

45 3. The pharmaceutical composition of claim 1 where the 
composition is an aqueous solution. 

4. The pharmaceutical composition of claim 1 where the 
composition is a lyophilized solid. 

5. The pharmaceutical composition of claim 1 where the 
so therapeutically-active compound is a cytostatic, an antibiotic, 

a vitamin, an antiinflammatory, an analgesic, an anticonvul- 
sant, an immunosuppressant, an antiepileptic, an anxiolytic, a 
hypnotic, an antifungal agent, an anticoagulant, a lipid per- 
oxidase inhibitor, a coronary vasodilator, an antiarrythmic 
55 agent, a cardiotonic, a uricosuric, an antithrombotic, a steroid 
hormone, or a photo-sensitizer. 

6. The pharmaceutical composition of claim 1 where the 
therapeutically-active compound is AMPHOTERICIN B®, 
an adriamicine analogue, apazone, azathioprin, bromazepam, 

60 camptothecin, CARBAMAZEPIN®, clonazepam, 
cyclosporin A, diazepam, dicumarol, digitoxin, dipy- 
ridamole, disopyramide, flunitrazepam, gemfibrozil, 
ketochlorin, ketoconazole, miconazole, niflumic acid, 
oxazepam, PACLITAXEL®, phenobarbital, phenytoin, 

65 progesterone, PROPOFOL®, ritonavir, sulfinpyrazone, 
suprofene, tacrolimus, tamoxi fen, taxonoid, testosterone, tir- 
ilazad, trioxsalen, valproic acid, or warfarin. 
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in of claim 6, where the c) adding the organic solvent it 



therapeutically-active compound is PACLITAXEL®, solution in step b); 

AMPHOTERICIN B®, camptothecin, CARBAM- d) removing the organic solvent; 

AZEPIN®, cyclosporin A, or PROPOFOL®. to form a pharmaceutical composition where greater than 

8. The pharmaceutical composition of claim 7, where the s 98% of the iherapeutically-active compound is non-co- 
therapeutically-active compound is PACLITAXEL®. valently bound to the plasma protein. 

9. The pharmaceutical composition of claim 8, where the 17. The pharmaceutical composition of claim 16 where the 
plasma protein is human serum albumin or human gamma therapeutically-active compound is a cytostatic, an antibiotic, 
globulin. a vitamin, an antiinflammatory, an analgesic, an anticonvul- 

10. The pharmaceutical composition of claim 9, where the io sant, an immunosuppressant, an antiepileptic, ananxiolytic, a 
plasma protein is human serum albumin. hypnotic, an antifungal agent, an anticoagulant, a lipid per- 
il. The pharmaceutical composition of claim 1 where the oxidase inhibitor, a coronary vasodilator, an antiajrrymmic 

plasma protein is a serum albumin, an immunoglobulin, a agent, a cardiotonic, a uricosuric, an antithrombotic, a steroid 

glycoprotein, an interferon, or an interleukin. hormone, or a photo-sensitizer. 

12 The pharmaceutical compositionof claim 11 wherethe 15 18. The pharmaceutical composition ofclaim 16 where the 

plasma protein is a human plasma protein. therapeutically-active compound is AMPHOTERICIN B®, 

13. Thepharmaceutical compositionof claim 11 where the an adriamicine analogue, apazone, azathioprin, bromazepam, 
plasma protein is a recombinant plasma protein. camptothecin, CARBAMAZEPIN®, clonazepam, 

14. Thepharmaceuticalcompositionofclaiml,wherethe cyclosporin A, diazepam, dicumarol, digitoxin drpy- 
therapeutically-active compound is present in a mole/mole 20 disopyramide, flunitrazepam, gemfibrozil, 
ratiototheplasmaproteinwithintherangeofl:0.05to 1:100. tetochlonn, ketoconaTOle miconazole mflumic acid, 

15. The pharmaceutical composition of claim 1, wherein °*>TO PACLITAXEL^ phenobarb.tal phenytoin, 
meph^aceuticalcompositionisaninjectablefonnsuitable P«>gesterone, PROPOFOL®, ritonavir sulfinpyrazone, 
for parenteral administration. wpoto*, tacrolimus, tamoxifen, taxonoid, testosterone, tir- 
J6. A pharmaceutical composition prepared by a process 25 ^Jg^^SS^ u ^ the 
comprising. plasma protein is a serum albumin, an immui 

a) dissolvingatherapeutically-activecompoundina water- gJycoprotein> ^ interferon, or an interleukin. 
miscible, pharmaceutically acceptable organic solvent; 

b) dissolving a plasma protein in an aqueous solution; ***** 



